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Christine Sturm 
Executive Summary - Life cycle Assessment on the effectiveness of Germany's energy and climate policy 
1. Project background   
The new German energy legislation introduced by the end of 2011 stipulates the shut-down of all German nuclear 
power plants until 2022, a new more expensive incentives program for subsidizing electricity production from 
renewable energy sources, as well as a modified and more cost intensive emission trading system. To ensure a 
sustainable development in the sense of the Brundland’s report definition [16] Governments, politicians and 
decision makers should concentrate their efforts in order to reestablish a healthy balance between ecology, the 
economy and social needs. Assuming that economic success is a relevant condition for a sustainable development 
and therefore companies as well as consumers of goods and services should be able to cover the costs of this 
sustainable development, environmental and resource protection at all costs would be as unsuccessful as 
decisions taken on economic considerations alone [17].  
2. Research statement  
This study aims to assess the effectiveness of Germany’s energy policy with respect to the carbon footprint for the 
entire electricity generation life cycle.  
3. System boundary 
Total amount of CO2 and other greenhouse gases responsible for global warming effects, emitted over the entire 
electricity life cycle and expressed as million of metric tons of CO2 equivalents per year and its economic 
implications. 
4. Methodology 
The goal of this study is to assess the effectiveness of Germany’s energy policy mix with respect to the carbon 
footprint for the entire electricity generation life cycle, in a “cradle-to-grave” manner, by comparing different policy 
scenarios. Its scope  is to identify and analyze past, current and potential life cycle impacts of GHG emissions of 
electricity generation from nuclear, coal, natural gas and renewable energies between 1990 and 2050 in the 
context of the German policy mix and to find out if Germany’s policy towards a structural change in the energy 
sector  is sustainable with respect to the entire carbon life cycle of the electricity production.  
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Therefore, the historical greenhouse gas emissions as well as following alternative energy policy scenarios, were 
analyzed and compared: 
 Baseline Scenario – German Policy from October 2010 – Lifetime prolongation for the nuclear power 
plants    (8 years for nuclear power plants with the first operation date before 1980 for and 14 years for 
power plants operated first after 1980).  
 “After Fukushima” Scenario - March 2011 - corresponding to the current policy (shut down of all nuclear 
power plants until 2022)  
5. Life Cycle Inventory Results / Impact assessment 
The lifetime prolongation has, compared with the “after Fukushima scenario” economical benefits (electricity import 
isn’t required).  Furthermore, Germany has to replace in the “After Fukushima” scenario its low carbon nuclear 
electricity production (nearly zero in the “use” phase) with other forms of electricity generation, which are either 
more carbon intensive (fossil based electricity production) or extremely difficult to structure (electricity production 
based on renewable energies with extreme capacity fluctuations and reduced utilization hours: wind, solar, etc.). 
Therefore, the current policy scenario is more likely to be more expensive than the “baseline” scenario (higher 
electricity prices, higher investment) 
6. Conclusion 
Considering only the assessed pollutants one should conclude, that Germany’s current policy is not likely to deliver 
a healthy balance between ecology, economy, and social needs with respect to the entire carbon life cycle of the 
future electricity mix. (Note: The data quality is poor and implies high uncertainty).  
However, the integration of other environmental aspects (human health, final disposal of nuclear waste) in the life 
cycle assessment could eventually lead to the conclusion that Germany’s complex transition towards a “neutral” 
carbon footprint is not only ambitious but  also the most sustainable one. 
Despite of the high uncertainty of the presented results, LCA remains a very important tool for assessing different 
decision making processes, a tool which should be better used on a regular basis before and not after taking 
important political decisions. 
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Life cycle Assessment on the effectiveness of Germany’s integrated energy and climate policy  
1. Project background   
Although Germany decided in October 2010 to extend the life span of its nuclear power plants by 8 to 14 years 
(Nuclear Act 2010) it reviewed this decision only six month later, after the nuclear accident from Fukushima, Japan 
(March 2011) stipulating in its new Nuclear Act released the decommissioning of all German nuclear power plants 
until 2022. Germany declared furthermore, that this decision will not jeopardize the fulfillment of its Kyoto 
greenhouse gas reduction commitment.  
The new German energy legislation introduced by the end of 2011 stipulates besides the shut-down of all German 
nuclear power plants until 2022, a new more expensive incentive program for subsidizing electricity production 
from renewable energy sources, as well as a modified and more cost intensive emission trading system.  
To ensure a sustainable development in the sense of the Brundland’s report definition [16] Governments, 
politicians and decision makers should concentrate their efforts in order to reestablish a healthy balance between 
ecology, the economy and social needs.  
Assuming that economic success is a relevant condition for a sustainable development and therefore companies 
as well as consumers of goods and services should be able to cover the costs of this sustainable development, 
environmental and resource protection at all costs would be as unsuccessful as decisions taken on economic 
considerations alone [17].  
2. Research statement  
In the context of recent German political decisions, questions about the impact of these decisions on Germany’s 
future energy mix and energy prices, on Germany’s economy and its development and last but not least on 
Germany’s population impose themselves. Does Germany’s policy deliver a healthy balance between ecology, 
economy and social needs with respect to the entire life cycle - from “cradle to grave”- of the future electricity 
production?  Is it, in other words, a sustainable policy? And if yes, to what extend does it contribute to a sustainable 
world policy?   
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This study aims to assess the effectiveness of Germany’s energy policy with respect to the current and potential 
carbon footprint for the entire electricity generation life cycle, using different methodological approaches to 
compute and validate the status quo greenhouse gas emissions, as well as two policy scenarios. 
3. System boundary 
The system boundary includes the total amount of  CO2 and other greenhouse gases (GHG) responsible for global 
warming effects over the entire electricity generation life cycle, expressed in million of metric tons of CO2 
equivalents per year as well as the related economic value of the greenhouse gas emissions expressed in €. 
Following greenhouse gas emissions: carbon dioxide (CO2 : 1kg CO2 = 1 kg CO2 eqiv. ), methane (CH4 1kg CH4 
= 21 kg CO2 eqiv.), and nitrous oxide (N2O: 1kg N2O = 310 kg CO2 eqiv.) expressed in CO2 equivalents were 
taken into consideration among the entire life cycle. The other Kyoto greenhouse gases (hydrofluorocarbons 
(HFC), perfluorocarbons (PFC), and sulphur hexafluoride (SF6) were not subject of this study. 
As shown in Figure 1 emissions can arise directly, during the electricity generation phase (operation) and indirectly 
during other phases of their life cycle such as extraction, construction, maintenance and decommissioning.   
 
Figure 1.  Life cycle CO2 emissions for electricity generation technologies  
 
                      
Source: UK Parliamentary Office of Science and Technology, Postnote 268,      
 Carbon footprint of the electricity production, 2006, [14] 
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Technologies based on fossil fuels (coal, natural gas, oil) release high amouts of CO2 eq because they burn fossil 
fuels during their operation phase. “Carbon neutral” technologies, such as nuclear, wind, photovoltaic, or  biomass 
electricity generation are not based on the combustion of fossil fuels and do not emit CO2 eq during their operation 
phase. However, since they emitt CO2 eq in other phases of their lify cycle , these technologies are not completely 
“carbon free”.  
4. Methodology 
The goal of this study is to assess the effectiveness of Germany’s energy policy mix with respect to the carbon 
footprint for the entire electricity generation life cycle, in a “cradle-to-grave” manner, by comparing different policy 
scenarios. 
Its scope  is to identify and analyze past, current and potential life cycle impacts of GHG emissions of electricity 
generation from nuclear, coal, natural gas and renewable energies between 1990 and 2050 in the context of the 
German policy mix and to find out if Germany’s policy towards a structural change in the energy sector  is 
sustainable with respect to the entire carbon life cycle of the electricity production.  
First, a detailed assessment of the relevant policy measures between 1990 and 2012 was made [1, 2, 3, 4]. The 
results of this assessment are described in 4.1. (Figures 2 and 3) 
Second, historical data about Germany’s GHG emission 1990 - 2009 for the energy sector differenciated for each 
life cycle phase (1. Operation and maintenance – “Use”-phase; 2. Manufacturing - Iron, Aluminum, Glass, Fuel, 
etc.;  3. Transportation; 4. Construction & Disposal; 5.Fugitive emissions during fuel production ) were collected 
from the National Inventory Report for the German Greenhouse Gas Inventory 1990 – 2009 [5]. Germany’s GHG 
emissions for the electricity production were calculated from these data using  a linear approach.                        
The historical data and the calculated GHG electricity emissions for each life cycle phase are presented in 4.2. 
(Figures 4, 5, and 6) 
Third, the historical electricity mix data 1990 – 2011 (total and renewable) from-  Workgroup Energy Balances [6- 
Arbeitsgruppe Energiebilanzen] were collected and presented in 4.3. (Figures 7 and 8) 
Next, the historical energy mix was utilized to validate the life cycle carbon footprint for Germany’s electricity 
production described in 4.2 using another, more accurate LCA approach. Therefore the specific GHG emission 
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expressed in grams of CO2 eq from several literature LCA approaches were taken into consideration for computing 
the status quo greenhouse gas emissions of Germany’s renewable [7,8,14] (wind power, hydro power, photovoltaic 
power, biomass and geothermal energy), nuclear [9, 14], and fossil (coal [10, 11, 12, 14] , natural gas and oil  [13, 
14]) electricity production. The results of are presented in 4.4.  
With the specific GHG emissions per kWh el from the literature the status quo of the GHG-Emissions and the two 
selected future scenarios were calculated. To assess the data quality Germany’s yearly GHG emissions computed 
as described in 4.2 and 4.4 were compared with  the official figures of the Federal Environmental Agency. The 
results of the data quality assessment are presented in 4.5. 
Finally, the GHG emissions for two energy scenarios representing Germany’s policy “before” and “after” the 
Fukushima accident were computed using Pehnts dynamic LCA approach, the same literature LCAs, and the 
technical data from similar Prognos scenarios [14]. These scenarios and the computing assumptions are described 
in 4.6. 
Germany’s GHG  were calculated using historical emission data, as well as speciffic life cycle emissions for 
different  electricity generation technologies, from several literature sources and expressed as grams of CO2 
equivalent per kilowatt hour of electricity generation (gCO2eq/kWh).   
4.1. Germany’s energy and climate policy 
Europe adhered to the Kyoto Protocol [20] adopted in Japan in December 1997 and released until 2012 three 
Emission Trading Directives according to the “Marrakesh Accords” (2001) stetting binding targets for its Member 
States for reducing greenhouse gas (GHG) emissions. Furthermore, the European Community released several 
Directives and Guidelines for minimizing the environmental impact of its Member States by increasing efficiency, 
promoting renewable energies, combined heat and power production as well as other “low” carbon technologies 
(Carbon Capture and Storage - CCS). 
Germany transposed all these Directives, except the CCS-Directive in national legislation, meeting and often 
exceeding their requirements. Furthermore, Germany committed itself within the “EU15   – Burden-Sharing-
Agreement” [21] to reduce its greenhouse gas emissions until 2012 by 21%, while Europe’s average reduction 
commitment is only 8% for the same period of time.   
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Figure 2 
shows a simplified repre-
sentation of the interna-
tional instruments imple-
mentted for reducing the 
greenhouse emissions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In order to reduce Germany’s environmental impact and to meet the environmental goals set by the Kyoto- 
Protocol [20] and the EU Burden Sharing Agreement [21] Germany’s decision bodies stipulated between 1990 and 
2010 extensive incentive programs for promoting cogeneration and renewable energies, prohibited waste disposal 
and land filling, implemented a complex emission trading system –ETS- and released or modified important energy 
acts (Energy Economy Act - EnWG, Renewable Energy Acts: EEG- for electricity production and  EEWärmeG – for 
heat production, Cogeneration Act - KWKG, Imission Act -BImSchG, Greenhouse Gases Emission Trading Act –
TEHG, CO2 Allowances Allocation Act – ZuG, Nuclear Act, etc).   
After the Fukushima nuclear disaster from March 2011 the German government revoked its decision taken only six 
month earlier (October 2010) to extend the life span of Germany’s nuclear power plants by 8 to 14 years. In the 
mean time Germany decided to restructure the entire energy sector and to enlarge the incentive program for 
subsidizing renewable energies and to achieve at least a 60% reduction of GHG emission by 2020 and a 80% one 
by 2050. In this context the Nuclear Act and all Energy Acts listed above were modified by the end of 2011 and 
entered into force in January 2012.  
 Figure 2   
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A brief overview of 
Germany’s legislation 
with major impact on 
the energy markets is 
presented in Figure 3. 
 
 
 
4.2. Historical data - GHG Emission 1990 -2009  
Figure 4 
Germany’s historical greenhouse 
gas emissions between 1990- 2009 
are presented in Figure 4. The 
Diagramm showes that the average 
historical reduction between 1990 -
2009 is not sufficient for achieving 
Germany’s ambitiouse reduction 
goal. 
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Figure 5 
Germany’s historical life cycle 
greenhouse gas emissions 
between 1990- 2009 for the 
energy sector are presented in 
Figure 5. These GHG emissions 
include the electricity and the 
heat production.  
 
 
Sourse: National Inventory 
Report for the German 
Greenhouse Gas Inventory [5] 
 
 
Figure 6 
Germany’s historical life cycle 
greenhouse gas emissions 
between 1990- 2009 for the 
electricity production. 
Own computing using a linear 
approach (electricity share at the 
total GHG emission for the 
energy sector 38%) for all live 
cycle sub-processes 
 
Comment 
Data not sufficient for estimating 
the GHG emission for each 
category of fuel. 
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4.3. Germany’s energy mix 
The historical electricity mix 1990 – 2011 (total and renewable) as calculated by the Workgroup Energy Balances 
[6 – Arbeitsgruppe Energiebilanzen] was further used in the calculations [Figure 7; Figure 8].   
Figure 7 -  Germany’s electricity mix – AGEB [2] 
 
 
Figure 8 – Germany’s renewable electricity mix [2] 
 
 
 The German renewable Energy Acts submitted before Fukushima (EEG 2000, EEG 2004, EEG 2009) led to a 
significant increase of the renewable energy quota (from 3.2% in 1991 up to 15.6% in 2009 and nearly 20% in 
2010). In spite of these programs fossil and nuclear fuels are still dominating the current electricity production 
accounting about 80% of Germany’s primary energy in 2010.  
4.4. Historical life cycle GHG emissions based on literature LCAs  
 
Figure 9  
 
 Alternative computing of Germany’s 
historical life cycle greenhouse gas 
emissions between 1990- 2009 using 
the historical electricity mix and  
specific greenhouse gas emissions 
from several literature sources 
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4.5 Data quality and uncertainty analysis  
Figure 10 - Data quality  
 
Comparison between the historical GHG for 
electricity production calculated with the 
described methods:  
1)  38%  GHG Emissions of the energy 
sector 
2)   Literature LCA 
3)   Official figures of the Federal   
Environmental Agency 
 
The Approach based on the literature LCA is 
very close to the official figures (average 
deviation 2.3%) which probably do not 
include the up-stream life cycle emissions.  
 
But!! 
GHG from electricity and heat production – 
non linear relationship  
 
Figure 11 – Criteria Matrix  
 
Comments 
 
 Huge quantity of data is available - not 
sound, not complete, not presented in a 
way which allows a clear cost-benefit 
analysis (measures/GHG reduction) 
  
 Multiple data sources, complex 
measures & many assumptions  
 Allocation of GHG emissions to LC 
sub-processes  difficult  
 May lead to an incommensurate 
system boundary 
   
 
4.6. Future scenarios  
On the one side the impact of the already implemented climate and energy policies were assessed, on the other 
side two energy policy scenarios were selected based on the technical economical Prognos Study [15] : 
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• The Baseline Scenario – German Policy from October 2010 – Lifetime prolongation for the nuclear power plants 
(8 years for nuclear power plants with the first operation date before 1980 for and 14 years for power plants 
operated first after 1980). This Scenario corresponds to the Scenario IIA from the Prognos Study [15].   
• “After Fukushima” Scenario - March 2011 - corresponding to the current policy (shut down of all nuclear power 
plants until 2022) – identical with the Baseline scenario from the Prognos Study [15].   
The Prognos study [15] served as decision basis for Germany’s Nuclar Act stipulated by October 2010 (lifetime 
prolongation for nuclear power plants).  
To simulate the future GHG emissions for the electricity production Pehnt dynamic life cycle approach [7] with an 
increased efficiency and a lifetime extension over the time for renewable technologies was chosen.  
The study assumes furthermore that new technologies (for example CCS) will be implemented according to the 
Prognos scenarios [15] and that the  efficiency measures implemented 2011 will decrease the total energy demand 
according to Germany’s integrated Climate and Energy Program [1] and the Prognos Study [15] from 565 TWh in 
2008, to 553 TWh in 2020, to 522.3 TWh in 2030, to 491 TWh in 2040, and to 461 TWh in 2050.    
5. Life Cycle Inventory Results / Impact assessment 
The energy balance and the GHG emission balance 2008 – 2050 are represented in Figure 12 and Figure 13.  
Figure 12  
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Figure 13 - GHG Emissions                                          Baseline                                                           “after Fukushima”  
 
 
     The life cycle greenhouse gas emissions 2010 -2050 for the two analyzed policy scenarios are presented in Figure 14. 
 
 
Figure 14 – Life cycle impacts  
 
 A prolongation of the life time for 
Germany‘s nuclear power plants 
(Policy October 2010) would lead to 
lower GHG Emissions 
 
 Germany‘s ambitioned GHG-
Emission goal (Germany‘s  Climate 
program, Kyoto, EU Burden sharing 
convention) would be easier to 
achieve with the baseline scenario 
 
 The change of the political  view 
implies electricity imports  and 
increased electricity prices 
(electricity production  doesn‘t 
exceed the electricity demand any 
more) 
  
 Baseline Scenario has benefits in 
comparison with the „after 
Fukushima“ one 
 
 
 
A comparative cost evolution for the two analyzed policy scenarios with increasing prices for CO2 allowances is 
represented in Figure 15. 
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Figure 15 – Explanatory notes 
 
 Investment in the electricity 
transmission infrastructure is 
required (balancing problems) 
– not part of this assessment   
 
 Costs for final disposal of used 
nuclear fuel (it doesn’t exist a 
final disposal solution yet) – not 
included  
 
 Baseline based  on  Prognos  
Scenario AII macro-economic 
model , which considers the 
investment for lifetime 
prolongation 
 
 
 
 
5.1. Consolidated findings 
 Both selected scenarios lead to less GHG emissions due to the tremendous increase of renewable energies.  
 In the current policy Scenario – “After Fukushima” the electricity production does not cover the demand.  
 The lifetime prolongation has, compared with the “after Fukushima scenario” economical benefits (electricity 
import isn’t required).  
 In the “After Fukushima” scenario Germany has to replace its low carbon nuclear electricity production (nearly 
zero in the “use” phase) with other forms of electricity generation, which are either more carbon intensive 
(fossil based electricity production) or extremely difficult to structure (electricity production based on 
renewable energies with extreme capacity fluctuations and reduced utilization hours: wind, solar, etc.). 
 Therefore, the current policy scenario is more likely to be more expensive  than the  “Baseline” scenario (leads 
to higher electricity prices, higher investment) 
 This study do not take into consideration the final disposal costs for used nuclear fuel (it doesn’t exist a final 
disposal solution yet), but the Prognos figures are based on a macroeconomic model, which consider the 
investment for lifetime prolongation (baseline).   
 The calculated historical GHG with two different methods are very close the official figures of the Federal 
Environmental Agency (average deviation 2.3%).  
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 The analyzed future scenarios correspond to the cited literature [15] and suppose that the efficiency measures 
implemented will decrease the total energy demand according to Germany’s integrated energy and climate 
policy  from 565 TWh in 2008 to 461 TWh in 2040 and 2050, although Germany’s historical greenhouse gas 
emission  had until today a moderate decrease rate.  
 Although the literature LCA approach leads to plausible data compared with the official figures there is a lot of 
uncertainty.  
 The Concept of Germany’s Federal Government includes furthermore about 30 measures for reducing GHG 
emissions (not all affecting the electricity sector).  
 In spite of the fact that a huge quantity of data is available, not all data are sound, complete or presented in a 
way which allows a clear cost-benefit analysis and a corresponding relationship between the measures and 
the reduction.  
 Extreme effects due to the implementation of the successive Renewable Acts (negative electricity prices, net 
instability, extreme costs for the energy intensive industries and the German tax payers) are not subject of this 
study, but are very important in order to analyze these political decisions.  
6. Conclusion 
The “baseline scenario” (lifetime prolongation for Germany’s nuclear power plants) has, compared with the “after 
Fukushima scenario” economical benefits (lower GHG emissions / electricity import and investment in the net 
infrastructure are not required).  
Considering only the assessed pollutants one should conclude, that Germany’s current policy is not likely to deliver 
a healthy balance between ecology, economy with respect to the entire carbon life cycle of the future electricity 
mix.  
However, due to the quantity of assumptions, the lack transparency for the macro-economic Prognos model, the 
exclusion of important parameters, the complexity of measures, the required investment (grid stability, storage, 
CCS & renewable energies), the impossibility to separate properly electricity from heat production and 
consumption, and to allocate correctly the life-cycle sub-process emissions, and due to the dependency of 
electricity imports, the system boundary is likely to become incommensurate increasing data uncertainty. 
Furthermore, the integration of other environmental aspects (human health, final disposal of nuclear waste) in the 
life cycle assessment could eventually lead to the conclusion that Germany’s complex transition towards a “neutral” 
carbon footprint is not only ambitious but  also the most sustainable one. 
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Despite of the high uncertainty of the presented results, LCA remains a very important tool for assessing different 
decision making processes, a tool which should be better used on a regular basis before and not after taking 
important political decisions. 
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